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AIRCRAFT DOOR LOCKING SYSTEM AND
AIRCRAFT DOOR ARRANGEMENT

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of the German patent
application No. 102018127106.9 filed on Oct. 30, 2018, the

entire disclosures of which are incorporated herein by way
ol reference.

FIELD OF THE INVENTION

The present invention relaters to an aircraft door locking
system and to an aircrait door arrangement provided with
such a locking system.

BACKGROUND OF THE INVENTION

An aircrait door arrangement suitable for use 1n modern
commercial aircraft has to meet a multiplicity of require-
ments and licensing regulations. For example, the aircraft
door arrangement has to have a locking system which
secures the aircraft door 1n its closed position 1n the flight
mode of an aircraft provided with the aircraft door arrange-
ment. Aircrait door arrangements currently customary are
conventionally provided with kinematics which, during the
placing of a door opening, formed in the aircrait fuselage, by
a door, the door which 1s already positioned 1n the doorframe
1s moved inward by approx. 2 to 3 mm and downward by
approx. 50-60 mm relative to a doorframe until the door has
reached a locking position. The door arranged 1n 1ts locking,
position can then be secured in its closed position by
activation of the locking system.

Conversely, in order to open the door, first of all the
locking system 1s deactivated and 1s then moved inward by
2-3 mm and upwards by approx. 50-60 mm until the door
has reached a position in which the door can be moved
turther 1n such a manner that 1t opens up the door opening.
The door opening can be opened up, for example, by
pivoting of the door about a pivot axis, but also by displacing
the door parallel to the aircraft fuselage. Both the pivoting
movement and the displacement movement of the door
conventionally have a movement component which 1is
directed outwards relative to the doorframe, as a result of
which 1t 1s prevented that the door comes, during the
opening, 1nto contact with a region of the aircraft environ-
ment surrounding the door opening.

DE 10 2009 014 528 Al discloses an electromechanical
blocking device for a door lock on a cabin door 1n an aircratt.

SUMMARY OF THE INVENTION

The present invention 1s directed towards an object of
providing an aircraft door locking system which 1s particu-
larly secure but 1s at the same time constructed in a simple
and space-saving manner. Furthermore, the invention 1is
directed towards the object of specilying an aircrait door
arrangement provided with such a locking system.

An aircraft door locking system comprises a first locking
clement which 1s fastenable to a first element of an aircraft
door arrangement so as to be rotatable about a first axis of
rotation and has a receiving opening and a bearing shell. The
first locking element 1s preferably fastenable to the first
clement of the aircraft door arrangement 1n such a manner
that, although the locking element 1s rotatable relative to the
first element of the aircrait door arrangement about the first
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axis of rotation, 1t cannot carry out any further movements
relative to the first element of the aircrait door arrangement.

Furthermore, the aircraft door locking system comprises
a second locking element which 1s fastenable to a second
clement of the aircrait door arrangement and comprises a
locking bolt. The locking bolt preferably extends substan-
tially parallel to the first axis of rotation of the first locking
clement or has at least one portion extending substantially
parallel to the first axis of rotation of the first locking
clement.

The first element of the aircraft door arrangement can be,
for example, an aircrait door while the second element of the
aircraft door arrangement can be 1n the form of a doorframe.
However, a reverse configuration 1s likewise conceivable,
1.¢., the first locking element of the aircraft door locking
system can also be fastenable to a first element of the aircrait
door arrangement, the first element being 1n the form of a
doorirame, while the locking bolt of the aircraft door locking
system can also be fastenable to a second element of the
aircrait door arrangement, the second element being in the
form of a door. In such a case, only a corresponding
adaptation of the orientation of the first locking element
relative to the corresponding first element of the aircraft
door arrangement 1s required.

In a release state of the aircrait door locking system, the
locking bolt of the second locking element 1s insertable
through the receiving opening of the first locking element by
means of a translatory relative movement of the first and
second locking element in a plane perpendicular to the first
axis of rotation of the first locking element. In principle, the
translatory relative movement of the two locking elements
can be realized by a movement, in particular a convergence
of the two locking elements. As an alternative thereto, 1t 1s,
however, also conceivable for only one of the two locking
clements to move 1n the direction of the other locking
clement while the other locking element remains fixed 1n
position.

In the state of the aircraft door locking system mounted 1n
an aircrait door arrangement, the locking bolt of the second
locking element 1s 1nserted through the receiving opening of
the first locking element preferably by means of a relative
movement of the two elements of the aircrait door arrange-
ment, for example by a convergence of the aircraft door,
which 1s movable relative to the doorframe, with the posi-
tionally fixed doorframe during a movement of the aircraft
door from an open position mnto a closed position. Accord-
ingly, the two locking elements of the aircrait door locking
system are preferably fastenable to the two elements of the
aircraft door arrangement in such a manner that, when the
two elements of the aircraft door arrangement converge, the
locking bolt of the second locking element 1s aligned with
the receiving opening of the first locking element in such a
manner that the locking bolt can be inserted unobstructed
into the receiving opening of the first locking element.

Furthermore, the locking bolt 1s positionable in the bear-
ing shell of the first locking element by means of a rotation,
following the insertion of the locking bolt through the
receiving opemng, of the first locking element about the first
ax1s of rotation 1n a locking direction, in order to transfer the
aircraft door locking system into 1ts locking state. If the
aircraft door locking system 1s 1n its locking state, the
interaction of the locking bolt formed on the second locking
clement with the bearing shell of the first locking element
prevents a separation ol the two locking elements and
consequently of the two elements of the aircraft door
arrangement.
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Finally, the aircraft door locking system comprises a
torque-generating device which 1s configured in order, 1n the
locking state of the aircrait door locking system, to generate
a torque which opposes a rotation of the first locking element
about the first axis of rotation i1n the direction of a release
direction opposite to the locking direction 11 a force directed
substantially perpendicular to the first axis of rotation 1s
exerted on the bearing shell of the first locking element
and/or on the locking bolt of the second locking element.
The force exerted on the bearing shell of the first locking
clement and/or on the locking bolt of the second locking
clement can result, for example, from a pressure diflerence
which, 1in the flight mode of an aircrait provided with the
aircrait door locking system, prevails between an ambient
pressure and an internal pressure, which 1s increased in
comparison to the ambient pressure, 1n a pressurized aircrait
cabin.

However, the torque-generating device also generates a
torque opposed to a rotation of the first locking element
about the first axis of rotation 1n a release direction 1f a
(manual) compressive force 1s exerted on an aircrait door
which 1s locked to a doorframe by means of the aircraft door
locking system. Finally, the torque-generating device is also
suitable for generating a torque opposed to a rotation of the
first locking element about the first axis of rotation in the
release direction if, for example in the event of an emer-
gency landing of an aircraft provided with the aircraft door
locking system on water, an increased external pressure acts
on an aircrait door which 1s locked to a doorframe by means
of the aircraft door locking system.

Consequently, the torque-generating device 1s capable of
generating an automatic closing moment opposing a release
of the aircraft door locking system, as soon as a force acting
in an opening direction 1s exerted on an aircraft door locked
to a doorframe by means of the aircrait door locking system.
The aircraft door locking system can therefore lock the
aircraft door particularly securely to the doorframe. Further-
more, during the transfer of the aircrait door locking system
from its release state into 1ts locking state, a relative move-
ment between the aircrait door and the doorirame in the
direction of a vertical axis of the aircrait door or of the
doorframe can be omitted. Instead, all that 1s required 1s for
the first locking element to be rotated about the first axis of
rotation.

The aircraft door locking system 1s therefore particularly
readily suitable for locking an aircraft door arrangement
which 1s arranged 1n the region of a lower deck of an aircraft
and 1s therefore subject to particular installation space
restrictions 1n the direction of the vertical axis of the aircraft
door or of the doorframe. Furthermore, the aircraft door
locking system satisfies all of the requirements imposed on
an aircraft door locking system arranged in the region of a
passenger cabin. Accordingly, the aircraft door locking
system can be used 1n a particularly advantageous manner
for locking an aircrait door arrangement which 1s 1nstalled 1n
a passenger cabin arranged in the region of a lower deck.
However, alternative use possibilities of the aircraft door
locking system are likewise possible.

In a preferred embodiment of the aircrait door locking
system, the first locking element comprises a first limb and
a second limb which 1s connected to the first limb via a
connecting piece. The recerving opening of the first locking
clement can then be formed between a free end of the first
limb and a free end of the second limb. The first and the
second limb and also the connecting piece are preferably
designed to be substantially C-shaped, as viewed 1n a top
view, 1.¢., the two limbs of the first locking element are
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4

preferably each curved in the direction of the receiving
opening arranged between the two free ends of the limbs.

The bearing shell of the first locking element 1s preferably
defined by the connecting piece. The shape of the bearing
shell of the first locking element 1s determined here, 1n
particular, by the shape of an mner surface of the connecting
piece, on which mnner surface the locking bolt of the second
locking element lies when the aircraft door locking system
1s 1n 1ts locking state. The shape of the inner surface of the
connecting piece 1s therefore preferably adapted to the shape
of an outer surface of the locking bolt. If the locking bolt has,
for example, a substantially circular cross section, the inner
surface of the connecting piece, as viewed 1n a top view, 1s
preferably substantially 1 the form of a circular arc seg-
ment, 1 particular in the form of a semi-circular arc.

The first axis of rotation of the first locking element 1s
preferably arranged 1n the region of the first limb of the first
locking element. In particular, the first axis of rotation 1s
arranged 1n the region of an axle projection of the first limb,
the axle projection projecting in the direction of the second
limb. The axle projection 1s preferably designed to be
rounded.

Furthermore, a bearing surface can be formed on the first
limb, 1n particular between the first axis of rotation and the
free end of the first limb, the bearing surface being config-
ured to receive the locking bolt of the second locking
clement 11, 1n the state of the door locking system mounted
in an aircrait door arrangement, the first and the second
clement of the aircraft door arrangement take up a defined
extreme position. The bearing surface formed 1n particular
on an 1nner surface of the first limb, the mner surface facing
the second limb, 1s preferably concavely curved and has a
shape adapted to the shape of the locking bolt in order to
ensure secure receiving ol the locking bolt 1n the bearing
surface.

The defined extreme position of the two elements of the
aircraft door arrangement 1s reached on overrunning the
locking lug. The door 1s drawn maximally into the seal here.
A Turther extreme position 1s reached 11 the second locking
clement 1s at the transition point of the bearing surface and
locking lug. The maximum closing moment 1s produced
here. If the second locking element has reached the final
position in the bearing shell, the closing moment approaches
zero. The connecting line of the axis of rotation of the first
locking element and of the axis of the second locking
clement (roller) 1s now at right angles to the outer skin of the
aircraft. I a pressure diflerence 1s now built up (aircrait
takes ofl and gains height), the lock transmits the resulting
internal compressive forces 1n such a manner that the lock

remains moment-free or always attempts to reach a moment-
free state.

In a preferred embodiment of the aircraft door locking
system, the first locking element furthermore comprises a
baseplate. In the state of the aircrait door locking system
mounted 1n an aircraft door arrangement, a first surface of
the baseplate faces the first element of the aircraft door
arrangement while a second surface of the baseplate facing
away Ifrom the first element of the aircraft door arrangement
carries the limbs and the connecting piece.

The baseplate 1s preferably provided with a first centering
opening which extends through the baseplate parallel to the
first ax1s of rotation. The first centering opening 1s preferably
arranged 1n the region of the center point of a circular arc
segment defined by the bearing shell. The first locking
clement during the installation on the first element of the
aircraft door arrangement can be arranged and oriented at a
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desired position relative to the second locking element 1n a
simple manner with the aid of the first centering opening.

The torque-generating device of the aircraft door locking
system preferably comprises a locking projection which 1s
formed on the second limb of the first locking element and
projects 1n the direction of the first limb of the first locking
clement. The locking projection i1s configured to interact
with the locking bolt of the second locking element 11 a force
directed substantially perpendicular to the first axis of rota-
tion 1s exerted on the bearing shell of the first locking
clement and/or on the locking bolt of the second locking
clement. The interaction of the locking projection with the
locking bolt of the second locking element results in the
generation of the torque of the torque-generating device, the
torque opposing a rotation of the first locking element 1n the
release direction.

The locking projection of the torque-generating device 1s
preferably arranged closer to an apex point of the connecting,
piece of the first locking element than the first axis of
rotation. The torque of the torque-generating device, the
torque opposing a rotation of the first locking element 1n the
release direction, 1s preferably determined by an angle which
1s defined by a tangent which lies on a region of the locking
projection facing the apex point of the connecting piece, and
by a straight line which runs perpendicular to the first axis
of rotation through the center point of the circular arc
segment defined by the bearing shell. The angle can be, for
example, between 20 and 40° and 1n particular approx. 30°.
However, 1n addition to the configuration of the first locking
clement, the clamping force of the door seal and the amount
of the force exerted on the bearing shell and/or on the
locking bolt also influence the closing moment applied by
the torque-generating device.

The locking bolt of the second locking element can
comprise a core connected to a holding element. In particu-
lar, the core can be formed integrally with the holding
clement. The holding element permits secure installation of
the second locking element on the second element of the
aircraft door arrangement and can comprise a baseplate with
corresponding fastening openings for receiving fastening
devices, such as, for example, screws, and also a base
extending from the baseplate 1n the direction of the core.

Furthermore, the locking bolt can comprise a roller which
1s plugged onto the core and 1s rotatable relative to the core
about a second axis of rotation. The second axis of rotation
preferably extends substantially parallel to the first axis of
rotation. The rotatable roller of the locking bolt facilitates
the relative movement of the first and the second locking
clement during the release or locking of the aircrait door
locking system.

In order to facilitate the arrangement and orientation of
the second locking element relative to the first locking
clement during the installation of the second locking ele-
ment on the second element of the aircraft door arrangement,
the second locking element can be provided with a second
centering opening. The second centering opening preferably
extends through the core of the locking bolt coaxially with
respect to the second axis of rotation and 1s accordingly
aligned with the first centering opening of the first locking
clement, the centering opening being arranged in the region
of the center point of the circular arc segment defined by the
bearing shell, 1t the two locking elements are correctly
positioned relative to each other during the installation on
the two elements of the aircraft door arrangement.

The aircraft door locking system can furthermore com-
prise a bearing element which 1s connectable to the first
locking element. The bearing element can comprise a bear-
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6

ing plate with corresponding fastening openings for receiv-
ing fastening devices, such as, for example, screws, and also
a bearing base which extends from the bearing plate 1n the
direction of the first locking element 1n a state of the bearing
clement connected to the first locking element. The bearing
clement 1s preferably provided with a third centering open-
ing which, when the aircrait door locking system 1s installed
on an aircraft door arrangement, 1s positionable relative to
the first locking element 1n such a manner that the centering
opening 1s aligned with the first centering opening formed 1n
the baseplate of the first locking element when the bearing
clement and the first locking element are arranged relative to
cach other in the desired installation position.

The aircraft door locking system can furthermore com-
prise a sensor arrangement for sensing an operating state of
the aircrait door locking system. The sensor arrangement 1s
preferably configured to sense a position of the first locking
clement relative to the first element of the aircraft door
arrangement. In the state of the aircraft door locking system
mounted 1 an aircraft door arrangement, sensor signals
provided by the sensor arrangement can be transmitted to a
control unit. The control unit can then determine waith
reference to the sensor signals whether the aircraft door
locking system 1s locked or released. The control unit can
turthermore be connected to a display device displaying the
operating state of the aircraft door locking system. The
displace device 1s preferably arranged 1n a cabin, 1n particu-
lar 1n a cockpit of an aircraft provided with the aircraft door
locking system.

In a preferred embodiment, the aircraft door locking
system furthermore comprises a drive system which 1s
configured to rotate the first locking element about the first
axis of rotation in order to adjust the aircrait door locking
system between its release state and its locking state. The
drive system preferably comprises a rotary shait which
extends coaxially with respect to the first axis of rotation and
on which the first locking element 1s mounted for rotation
therewith. Furthermore, the drive system can comprise a
lever which 1s likewise connected to the rotary shaft for
rotation therewith and 1s configured to transmit the driving
force required for rotating the first locking element about the
first axis of rotation to the rotary shait. The lever can be
actuable manually and/or by a suitable mechanical or elec-
tric system.

An aircraft door arrangement comprises a {irst element, a
second element and at least one above-described aircraft
door locking system. The first locking element of the aircrait
door locking system 1s fastened to the first element while the
second locking element of the aircrait door locking system
1s Tastened to the second element.

In a preferred embodiment of the aircrait door arrange-
ment, the first element 1s 1n the form of an aircratt door while
the second element 1s 1n the form of a doorframe. However,
a reverse configuration 1s also conceivable, that 1s to say, the
first element of the aircraft door arrangement can also be 1n
the form of a doorframe while the second element can also
be 1n the form of an aircrait door.

The aircraft door arrangement can comprise a plurality of
above-described aircraft door locking systems. The aircrait
door locking systems are then preferably arranged distrib-
uted along two mutually opposite side edges of the first and
the second element. For example, the aircrait door locking
system can be arranged distributed along the two longitu-
dinal edges of a doorframe and of an aircrait door.

When an aircrait door arrangement 1s provided with a
plurality of aircraft door locking systems, the drive systems
of the aircrait door locking systems are preferably coupled
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to one another 1n such a manner that only some of the aircraft
door locking systems are driven directly while some of the
other aircrait door locking systems are driven indirectly. In
particular, the aircrait door arrangement comprises at least
one directly driven aircrait door locking system. If the
aircrait door locking systems are arranged distributed along
a side edge of the aircraft door arrangement, the directly
driven aircraft door locking system(s) i1s/are preferably
arranged “lying on the inside,” 1.e., the directly driven
aircraft door locking system(s) 1s/are flanked by 1n each case
two adjacent aircraft door locking systems.

Furthermore, when an aircraft door arrangement 1s pro-
vided with a plurality of aircrait door locking systems, only
some ol the aircraft door locking systems are provided with
a sensor arrangement. In particular, it 1s optionally possible
to dispense with monitoring aircraft door locking systems
which are arranged “lying on the inside” 1n a drive chain.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of an aircrait door locking system
and of an aircraft door arrangement will be explained 1n
more detail below with reference to the attached schematic
figures, of which

FIG. 1 shows a three-dimensional view of an aircraft door
arrangement which 1s provided with a plurality of aircraft
door locking systems,

FI1G. 2 shows a sectional view of the aircrait door arrange-
ment according to FIG. 1,

FIG. 3 shows an aircraft door locking system, which 1s
illustrated 1n FIG. 1, 1n a release state,

FI1G. 4 shows the aircrait door locking system according
to FIG. 3 1n a locking state,

FIGS. 3a to 5f illustrate the transier of the aircrait door
locking system according to FIGS. 3 and 4 from 1ts locking
state 1nto 1ts release state,

FIGS. 6 to 8 show three-dimensional detailed views of a
first locking element of the aircraft door locking system
according to FIGS. 3 and 4, and

FIG. 9 shows a three-dimensional detailed view of a

second locking element of the aircrait door locking system
according to FIGS. 3 and 4.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

FIGS. 1 and 2 each show an aircraft door arrangement
100. The aircrait door arrangement 100 comprises a first
clement 102 and a second element 104. The first element 102
1s 1n the form of an aircrait door while the second element
104 1s in the form of a doorframe suitable for receiving the
aircraft door. Furthermore, the aircraft door arrangement 100
1s provided with a plurality of aircraft door locking systems
10 which are arranged distributed along the two longitudinal
edges of the doorframe and of the aircrait door. In the
exemplary embodiment shown here of an aircrait door
arrangement 100, eight aircrait door locking systems 10 are
provided, but the number of aircrait door locking systems 10
may vary depending on requirements, for example depend-
ing on the dimensions of the aircrait door arrangement 100.

The aircrait door arrangement 100 illustrated 1n FIGS. 1
and 2 1s istalled 1 an aircrait passenger cabin which 1is
located 1n a lower deck region of a commercial aircraft. The
aircraft door arrangement 100 shown comprises a hinge arm
106 which permits pivoting of the aircraft door relative to
the doorframe about pivot axes S1 and S2 and 1s guided by
a guide rod 107 having pivot axes S3 and S4. As an
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alternative thereto, however, the aircrait door arrangement
100 can also have a different door opening mechanism, for
example a mechanism 1n which the aircraft door during
opening 1s lirst of all pushed outwards from the dooriframe
and 1s subsequently displaced substantially parallel to an
aircraft outer skin 108 1n order to open up a door opening
defined by the doorirame.

Each of the aircrait door locking systems 10 comprises a
first locking element 12 and a second locking element 14,
see FIGS. 3 and 4 (only a roller 60 described 1n more detail
below of the second locking element 14 1s 1llustrated here).
The first locking element 12 1s fastened with the aid of a
bearing element 15, see FIGS. 6 and 7, to the first element
102 of the aircratt door arrangement 100, the element being,
in the form of an aircraft door, while the second locking
clement 14 1s fastened to the second element 104 of the
aircraft door arrangement 100, the element being 1n the form
of a doorframe.

As can best be seen from FIGS. 6 to 8, the first locking
clement 12 comprises a baseplate 16, a first limb 18 and a
second limb 22 which 1s connected to the first limb via a
connecting piece 20. In the state of the aircraft door locking
system 10 mounted in the aircraft door arrangement 100, a
first surface 24 of the baseplate 16 faces the first element 102
of the aircrait door arrangement 100, the element being 1n
the form here of an aircraft door, while a second surface 26
of the baseplate 16 facing away from the first element 102
of the aircraft door arrangement 100 carries the limbs 18, 22
and the connecting piece 20.

A recerving opening 32 1s formed between a free end 28
of the first limb 18 and a free end 30 of the second limb 22.
By contrast, the connecting piece 20 connecting the two
limbs 18, 22 to each other defines a bearing shell 34. The
shape of the bearing shell 34 1s determined by the shape of
an 1nner surface of the connecting piece 20 and 1s substan-
tially 1n the form of a semi-circular arc, as viewed 1n a top
view, 1n the exemplary embodiment shown here of an
aircraft door locking system 10.

In the state mounted 1n the aircraft door arrangement 100,
the first locking element 12 1s attached to the first element
102 of the aircraft door arrangement 100 so as to be rotatable
about a first axis of rotation A. A drive system 36 which
serves to rotate the first locking element 12 about the first
axis of rotation A comprises a rotary shait 38 which extends
coaxially with respect to the first axis of rotation A and on
which the first locking element 12 1s mounted for rotation
therewith, see FIG. 7. Furthermore, the drive system 36
comprises a lever 40 which 1s likewise connected to the
rotary shait 38 for rotation therewith and 1s configured to
transmit the driving force required for rotating the first
locking element 12 about the first axis of rotation A to the
rotary shaitt 38.

The first axis of rotation A of the first locking element 12
1s arranged 1n the region of a rounded axle projection 42
which 1s formed on the first limb 18 and projects i the
direction of the second limb 22. Furthermore, a concavely
curved bearing surface 44 1s formed on an inner surface of
the first limb 18, the iner surface facing the second limb 22,
between the first axis of rotation A and the free end 28 of the
first limb 18. Finally, the baseplate 16 of the first locking
clement 12 1s provided with a first centering opening 46
which extends through the baseplate 16 parallel to the first
axis of rotation. In particular, the first centering opening 46
1s arranged 1n the region of a center point M of the
semi-circular arc defined by the bearing shell 34.

The second locking element 14 which 1s 1illustrated 1n
detail 1n FIG. 9 comprises a holding element 48 having a
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main plate 50 and a base 52. The main plate 50 1s provided
with fastening openmings 54 for receiving fastening devices,
such as, for example, screws, and serves to fix the second
locking element 14 1n a positionally fixed manner on the
second element 104 of the aircraft door arrangement 100, the
clement being 1 the form of a doorframe. The base 52 is
formed integrally with the main plate 50 and has a shape
tapering from the main plate 50.

Furthermore, the second locking element 14 comprises a
locking bolt 56 which comprises a core 38 which 1s con-
nected to the holding element 48 and, 1n particular, 1s formed
integrally with the holding element 48. The roller 60 1s
plugged onto the core 38 and 1s rotatable relative to the core
58 about a second axis of rotation D. In the state of the
aircrait door locking system 10 mounted 1n the aircraft door
arrangement 100, the first axis of rotation A of the first
locking element 12 and the second axis of rotation D of the
roller 60 are oriented parallel to each other. A second
centering opening 62 extending coaxially with respect to the
second axis of rotation D passes through the core 58 of the
locking bolt 56.

The bearing element 15, which 1s shown 1n particular in
FIG. 7, for fastening the first locking element 12 to the first
clement 102 of the aircrait door arrangement 100 comprises
a bearing plate 64 which, similarly to the main plate 50 of
the second locking element 14, 1s provided with fastening
openings 66 for receiving fastening devices, such as, for
example, screws. Furthermore, the bearing element 15 has a
bearing base 68 which, 1n a state of the bearing element 15
connected to the first locking element 12, extends from the
bearing plate 64 1n the direction of the first locking element
12. The bearing element 15 1s preferably provided with a
third centering opening 70.

During the fastening of the first locking element 12 to the
first element 102 of the aircrait door arrangement 100, the
bearing element 15 1s positioned relative to the first locking,
clement 12 1n such a manner that the third centering opening
70 formed 1n the bearing plate 64 of the bearing element 135
1s aligned with the first centering opening 46 formed 1n the
baseplate 16 of the first locking element 12. It can thereby
be ensured that, 1n the state fixed to the first element 102 of
the aircrait door arrangement 100, the bearing element 15
and the first locking element 12 are arranged 1n the desired
position relative to each other.

Furthermore, the second locking element 14 1s fastened to
the second element 104 of the aircrait door arrangement 100
in such a position that the second centering opening 62
extending through the core 38 of the locking bolt 56 coaxi-
ally with respect to the second axis of rotation D 1s likewise
aligned with the first centering opening 46 of the first
locking element 12. It 1s thereby ensured that the two
locking elements 12, 14 are positioned correctly relative to
cach other during the installation on the two elements 102,
104 of the aircrait door arrangement 100.

In a release state of the aircraft door locking system 10,
the receiving opening 32 provided between the two limbs
18, 22 of the first locking element 12 faces the locking bolt
56. Accordingly, the locking bolt 56 can be inserted through
the recerving opening 32 of the first locking element 12 by
means of a translatory relative movement of the first and the
second locking elements 12, 14 1n a plane perpendicular to
the first axis of rotation A of the first locking element 12. In
the state of the aircraft door locking system 10 mounted in
the aircrait door arrangement 100, the translatory relative
movement of the two locking elements 12, 14 1s brought
about during a movement of the aircraft door from an open
position into a closed position by the first locking element 12
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converging with the second locking element 14 as a result of
the aircraft door which 1s movable relative to the doorirame
converging with the positionally fixed doorirame. After
being mserted through the receiving opening 32, the locking
bolt 56 of the second locking element 14 takes up the
position shown in FIG. 3.

Furthermore, the locking bolt 56 1s positionable 1n the
bearing shell 34 of the first locking element 12 by a rotation,
which follows the insertion of the locking bolt 56 through
the receiving opeming 32, of the first locking element 12
about the first axis of rotation A 1n a locking direction V, see
FIG. 3, in order to transier the aircrait door locking system
10 mto 1ts locking state. If the aircraft door locking system
10 1s 1n 1ts locking state, the locking bolt 56 of the second
locking element 14 takes up the position shown 1n FIG. 4.
The interaction of the locking bolt 56, which 1s formed on
the second locking element 14, with the bearing shell 34 of
the first locking element 12, the bearing shell being adapted
in respect of 1ts shape to the shape of the locking bolt 56,
then prevents a separation of the two locking elements 12,
14 and consequently of the two elements 102, 104 of the
aircraft door arrangement 100, see arrows F1 and F1' 1in FIG.
4.

The transfer of the aircrait door locking system 10 from
its locking state shown in FIG. 4 1nto 1ts release state shown
in FIG. 3 1s illustrated 1n FIGS. 5a to 5/, In order to release
the aircraft door locking system 10, the first locking element
12, driven by the drive system 36, 1s rotated about the first
axis of rotation A 1n a release direction E relative to the first
clement 102 of the aircraft door arrangement 100 and
relative to the second locking element 14. In the process, the
locking bolt 56 of the second locking element 14 slides
along an iner surface of the second limb 22 of the first
locking element 12, see FIGS. 5b to 5d, wherein the sliding
movement of the locking bolt 56 i1s facilitated by a rotation
of the roller 60 of the locking bolt 56 about the second axis
of rotation D.

By means of the interaction of the locking bolt 56 with the
inner surface of the second limb 22 of the first locking
clement 12, the aircraft door 1s first of all pulled inwards
relative to the doorframe, see arrow P1 in FIG. 556, and 1s
subsequently pressed outwards relative to the doorframe, see
arrow P2 1 FIGS. 5¢ and 3d. In the final part of the
rotational movement of the first locking element 12 about
the first axis of rotation A, the locking bolt 56 is released
from the mnner surface of the second limb 22 of the first
locking element 12, see FIGS. 5¢ and 5/, until 1t finally again
takes up the end position shown i FIG. 3.

In the end position shown 1n FIG. 3, the locking bolt 56
1s received in the concavely curved bearing surface 44
formed on the first limb 18 of the first locking element 12.
Since the bearing surface 44 1s adapted 1n respect of 1ts shape
to the shape of the locking bolt 56, the locking bolt 56 1s
received securely 1n the bearing surtface 44 1n the release
state of the aircratt door locking system 10. The aircratt door
and the doorframe of the aircraft door arrangement 100 then
take up an extreme position 1n which the aircraft door 1s
arranged lying maximally on the iside relative to the
doorframe. The receiving of the locking bolt 56 in the
bearing surface 44 prevents the two elements 102, 104 of the
aircraft door arrangement 100 from moving beyond the
defined extreme position. As a result, overloading of the
components of the aircraft door arrangement 100 and 1n
particular of the door seals 1s prevented.

The aircrait door locking system 10 1s provided with a
sensor arrangement 71 for sensing an operating state of the
aircraft door locking system 10. The sensor arrangement 71
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senses a position of the first locking element 12 relative to
the first element 102 of the aircrait door arrangement 100
and transmits corresponding sensor signals to a control unit
(not shown 1n the figures). The control unit can then deter-
mine with reference to the sensor signals whether the aircraft
door locking system 10 1s locked or released. Furthermore,
the conftrol unit 1s connected to a display device which
displays the operating state of the aircraft door locking
system 10 and 1s arranged, for example, 1n the cockpit of an
aircraft provided with the aircrait door locking system 10.

Finally, the aircrait door locking system 10 comprises a
torque-generating device 72 which 1s configured so as, in the
locking state of the aircrait door locking system 10, to
generate a torque which opposes a rotation of the first
locking element 12 about the first axis of rotation A 1n the
direction of the release direction E 11 a force directed
substantially perpendicular to the first axis of rotation A 1s
exerted on the bearing shell 34 of the first locking element
12 and/or on the locking bolt 56 of the second locking
clement 14, see by way of example arrows F2, F2' in FIG.
4.

The torque-generating device 72 comprises a locking
projection 74 which 1s formed on the second limb 22 of the
first locking element 12 and projects in the direction of the
first limb 18 of the first locking element 12. The lockin
projection 74 interacts with the locking bolt 56 of the second
locking element 14 11 a force directed substantially perpen-
dicular to the first axis of rotation A 1s exerted on the bearing
shell 34 and/or on the locking bolt 56. The interaction of the
locking projection 74 with the locking bolt 56 results 1n the
generation of the torque of the torque-generating device 72,
the torque opposing a rotation of the first locking element 12
in the release direction E.

The locking projection 74 1s arranged closer to an apex
point P of the connecting piece 20 of the first locking
clement 12 than the first axis of rotation A. The torque of the
torque-generating device 72, the torque opposing a rotation
of the first locking element 12 1n the release direction E, 1s
determined by an angle a which 1s defined by a tangent T
which lies on a region of the locking projection 74 facing the
apex point P of the connecting piece 20, and by a straight
line G which runs perpendicular to the first axis of rotation
A through the center point M of the circular arc segment
defined by the bearing shell 34. In the exemplary embodi-
ment shown in the figures of an aircraft door locking system
10, the angle a 1s approx. 30°. Furthermore, the closing
movement applied by the torque-generating device 72 1s

determined by the clamping force of the door seal and the

amount of force exerted on the bearing shell 34 and/or on the
locking bolt 56.

The force which 1s exerted on the bearing shell 34 of the
first locking element 12 and/or on the locking bolt 56 of the
second locking element 14 and which induces the closing
moment of the torque-generating device 72, the closing
moment opposing a release of the aircraft door locking
system 10, can result, for example, from a pressure differ-
ence which prevails between an ambient pressure and an
internal pressure, which 1s increased 1n comparison to the
ambient pressure, 1n a pressurized aircraft cabin 1n the flight
mode of an aircraft provided with the aircrait door locking
system 10. However, the torque-generating device 72 also
then generates a torque which opposes a rotation of the first
locking element 12 about the first axis of rotation A 1n the
release direction E 1f a (manual) compressive force 1s
exerted on an aircrait door (for example a force exerted by
a door seal). Finally, the torque-generating device 72 also
generates a closing moment 11 an increased external pressure

acts on the aircrait door, for example 1in the event of an
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emergency landing of an aircraft provided with the aircraft
door locking system 10 on water.

In the case of the aircraft door arrangement 100 provided
with a plurality of aircraft door locking systems 10, the drive
systems 36 of the aircrait door locking systems 10 are
coupled to one another 1n such a manner that only some of
the aircraft door locking systems 10 are driven directly while

some of the other aircraft door locking systems 10 are driven
indirectly. In the exemplary embodiment shown 1n FIG. 2,
only the aircraft door locking systems 10 which are arranged
“lying on the inside” and are flanked by in each case two
adjacent aircraft door locking systems 10 are driven directly
whereas the aircrait door locking systems 10 arranged “lying
on the outside” are driven indirectly, 1.e., via the directly
driven aircrait door locking systems 10. Furthermore, in the
case of the aircraft door arrangement 100, only the indirectly
driven aircrait door locking systems 10 are provided with a
sensor arrangement 71 rather than all of the aircrait door
locking systems 10.

While at least one exemplary embodiment of the present
invention(s) 1s disclosed herein, 1t should be understood that
modifications, substitutions and alternatives may be appar-
ent to one of ordinary skill in the art and can be made
without departing from the scope of this disclosure. This
disclosure 1s imntended to cover any adaptations or variations
of the exemplary embodiment(s). In addition, 1n this disclo-
sure, the terms “comprise” or “comprising” do not exclude
other elements or steps, the terms “a” or “one” do not
exclude a plural number, and the term “or” means either or
both. Furthermore, characteristics or steps which have been
described may also be used in combination with other
characteristics or steps and 1n any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which 1t claims benefit or priority.

The mmvention claimed 1s:

1. An aircrait door locking system, comprising:

a first locking element which 1s fastenable to a first
clement of an aircrait door arrangement to be rotatable
about a first axis of rotation and has a recerving opening,
and a bearing shell,

a second locking element which 1s fastenable to a second
clement of the aircrait door arrangement and comprises
a locking bollt,

wherein, 1n a release state of the aircrait door locking
system, the locking bolt of the second locking element
1s 1nsertable through the receiving opening of the first
locking element by means of a translatory relative
movement of the first and the second locking elements
in a plane perpendicular to the first axis of rotation of
the first locking element and, by a subsequent rotation
of the first locking element about the first axis of
rotation 1n a locking direction, i1s positionable 1n the
bearing shell of the first locking element in order to
transier the aircraft door locking system 1nto its locking
state, and

a torque-generating device which 1s configured 1n order,
in the locking state of the aircrait door locking system,
to generate a torque which opposes a rotation of the first
locking element about the first axis of rotation 1n a
direction of a release direction opposite to the locking
direction 1f a force directed perpendicular to the first
ax1s of rotation 1s exerted on at least one of the bearing
shell of the first locking element or on the locking bolt.

2. The aircraft door locking system according to claim 1,

wherein the first locking element comprises a first limb
and a second limb which 1s connected to the first limb
via a connecting piece,
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wherein the receiving opening of the first locking element
1s formed between a free end of the first limb and a free
end of the second limb.

3. The aircrait door locking system according to claim 2,
wherein the bearing shell of the first locking element 1s
defined by the connecting piece.

4. The aircrait door locking system according to claim 2,
wherein the first axis of rotation of the first locking element
1s arranged 1n a region of the first limb of the first locking
clement 1n the region of an axle projection of the first limb,
said axle projection projecting 1n a direction of the second
limb.

5. The atrcraft door locking system according to claim 2,
wherein a concavely curved bearing surface 1s formed on the
first limb between the first axis of rotation and the free end
of the first limb, said bearing surface being configured to
receive the locking bolt of the second locking element if, in
a state of the door locking system mounted in the aircraft
door arrangement, the first and the second element of the
aircrait door arrangement take up a defined extreme posi-
tion.

6. The aircrait door locking system according to claim 1,
wherein the first locking element furthermore comprises a
baseplate which 1s provided with a first centering opening,
extending through the baseplate parallel to the first axis of
rotation.

7. The aircrait door locking system according to claim 2,
wherein the torque-generating device comprises a locking
projection which 1s formed on the second limb of the first
locking element, projects in a direction of the first limb of
the first locking element and 1s configured to interact with
the locking bolt of the second locking element 1f the force
directed perpendicular to the first axis of rotation 1s exerted
on at least one of the bearing shell of the first locking
clement or on the locking bolt of the second locking ele-
ment.

8. The aircraft door locking system according to claim 7,
wherein the locking projection 1s arranged closer to an apex
point of the connecting piece of the first locking element
than the first axis of rotation.

9. The aircrait door locking system according to claim 7,
wherein the torque of the torque-generating device, said
torque opposing the rotation of the first locking element in
the release direction, 1s determined by an angle which 1s
defined by a tangent which lies on a region of the locking
projection facing an apex point of the connecting piece, and
by a straight line which runs perpendicular to the first axis
of rotation through a center point of a circular arc segment
defined by the bearing shell.

10. The aircraft door locking system according to claim 1,
wherein the locking bolt of the second locking element
comprises a core connected to a holding element and a roller
which 1s plugged onto the core and 1s rotatable relative to the
core about a second axis of rotation, wherein a second
centering opening extending through the core coaxially with
respect to the second axis of rotation 1s formed 1n the core.

11. The aircrait door locking system according to claim 1,
which furthermore comprises a bearing element which 1s
connectable to the first locking element, wherein the bearing
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clement 1s provided with a third centering opening which,
when the aircrait door locking system 1s installed on the
aircraft door arrangement, 1s positionable relative to the first
locking element 1n such a manner that said third centering
opening 1s aligned with a first centering opening formed 1n
a baseplate of the first locking element.
12. The aircrait door locking system according to claim 1,
which furthermore comprises a sensor arrangement for
sensing an operating state of the aircrait door locking
system, wherein the sensor arrangement 1s configured to
sense a position of the first locking element relative to the
first element of the aircraft door arrangement.
13. The aircraft door locking system according to claim 1,
furthermore comprising a drive system which 1s configured
to rotate the first locking element about the first axis of
rotation 1n order to adjust the aircrait door locking system
between the release state and the locking state, wherein the
drive system comprises a rotary shaft which extends coaxi-
ally with respect to the first axis of rotation and on which the
first locking element 1s mounted for rotation therewaith.
14. An aircrait door arrangement, comprising;
a first element,
a second element, and
at least one aircraft door locking system according to
claim 1,

wherein the first locking element of the aircraft door
locking system 1s fastened to the first element, and the
second locking element of the aircrait door locking
system 1s fastened to the second element.

15. The aircraft door arrangement according to claim 14,
wherein the first element 1s 1n a form of an aircraft door and
the second element 1s 1n a form of a doorframe.

16. The aircraft door arrangement according to claim 14,
turther comprising a plurality of said aircrait door locking
systems, which are arranged distributed along two mutually
opposite side edges of the first and the second element.

17. The aircraft door arrangement according to claim 16,
turthermore comprising:

cach of the plurality of door locking systems comprising,

a drive system which 1s configured to rotate the first
locking element about the first axis of rotation to adjust
the aircraft door locking system between the release
state and the locking state,

wherein the drive system comprises a rotary shaft which

extends coaxially with respect to the first axis of

rotation and on which the first locking element 1s

mounted for rotation therewith, and

wherein the drive systems of the aircrait door locking
systems are coupled to one another in such a manner

that only some of the aircraft door locking systems

are driven directly while other aircraft door locking
systems are driven indirectly.

18. The aircraft door arrangement according to claim 16,

wherein only some of the aircraft door locking systems are
provided with a sensor arrangement.
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